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(54) Title: LED LAMP 
(57) Abstract 

The invention relates to a LED lamp comprising a gear column which 
is connected, at its first end, to a lamp cap and, at its other end, to a substrate. 
Said substrate comprises a number of LEDs. According to the invention, said 
substrate is provided with a regular polyhedron of at least four planes, said 
planes comprising at least one LED having a luminous flux of at least 5 1m. 
The gear column also comprises heat-dissipating means which interconnect 
the substrate and the lamp cap. A continuous and regular illumination with 
a high luminous flux can be obtained using a LED lamp of this type. 





2 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


M\V 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zvv 


Zimbabwe 


CI 


Cote d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


sc 


Singapore 







WO 00/17569 



LED lamp 



PCT/EP99/06731 



The invention relates to a LED lamp comprising a gear column, a lamp cap 
which is connected to an end of the gear column and a substrate which is connected to the 
other end of the gear column and which is provided with a number of LEDs. 

Such a LED (Light Emitting Diode) lamp is known from English patent 
5 publication GB 2,239,306. Said publication more particularly describes a LED lamp which can 
suitably be used for decorative purposes. The known lamp comprises a customary base with a 
BC cap or a continental screw cap, a gear column which accommodates the electronics 
necessary to operate the LEDs, as well as a substrate which is circularly symmetrica] when 
viewed in the direction of the longitudinal axis of the lamp, in which substrate a number of 
10 individual LEDs are incorporated. The colors generated by the different LEDs during 

operation of the lamp may differ. By using an adjustable switching time control, it is possible 
to generate specific lighting effects and lighting patterns with the known lamp. 

The known lamp has a number of drawbacks. One of these drawbacks is that 
the lamp can only be used for signaling purposes, whereby the LEDs of the lamp draw 
15 attention via a specific adjustable flashing frequency. The known lamp cannot provide for 
continuous, uniform lighting with a high luminous flux. In addition, the manufacture of the 
known lamp is relatively complicated. This applies in particular if the known lamp must be 
provided with a large number of LEDs. 



20 It is an object of the invention to obviate the above-mentioned drawback. The 

invention more particularly aims at providing a LED lamp which can be relatively easily 
mass-produced, and which can be operated such that continuous, uniform lighting with a high 
luminous flux is obtained. 

These and other objects of the invention are achieved by a LED lamp of the 

25 type mentioned in the opening paragraph, which is characterized in that the substrate 

comprises a regular polyhedron of at least four faces, whereby faces of the polyhedron are 
provided with at least one LED which, during operation of the lamp, has a luminous flux of at 
least 5 1m, and the gear column is provided with heat-dissipating means which interconnect the 
substrate and the lamp cap. 
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The invented lamp enables continuous, uniform, high-intensity lighting to be 
achieved. It has been found that LEDs having a luminous flux of 5 1m or more can only be 
efficiently used if the lamp comprises heat-dissipating means. Customary incandescent lamps 
can only be replaced by LED lamps which are provided with LEDs having such a high 
luminous flux. A particular aspect of the invention resides in that the heat-dissipating means 
remove the heat, generated during operation of the lamp, from the substrate via the gear 
column to the lamp cap and the mains supply connected thereto. 

The use of a substrate which is composed of a regular polyhedron of at least 
four faces enables the intended uniform lighting to be achieved. The regular polyhedron is 
connected to the gear column, preferably, via a vertex. However, the polyhedron may in 
principle also be connected to the gear column in the center of one of the faces. The greatest 
uniformity in lighting is obtained if each one of the faces is provided with the same number of 
LEDs of the same type. 

In experiments leading to the present invention, it has been found that favorable 
results can be achieved with polyhedrons in the form of an octahedron (regular polyhedron of 
eight faces) and dodecahedron (regular polyhedron of twelve faces). Better results, however, 
are achieved with substrates in the form of a hexahedron (polyhedron of six faces, cube). In 
practice it has been found that a good uniformity in light distribution can already be obtained 
using substrates in the form of a tetrahedron (regular polyhedron of four fanes, pyramid). In an 
alternative embodiment the substrate comprises a three-dimensional body like a sphere or an 
ellipsoid, or a pat of a sphere or an ellipsoid. 

A favorable embodiment of the LED lamp is characterized in that the lamp is 
also provided with a (semi-)transparent envelope. This envelope may be made of glass, but is 
preferably made of a synthetic resin. The envelope serves as a mechanical protection for the 
LEDs. In addition, the envelope may contribute to obtaining the uniform lighting which can be 
obtained with the lamp. 

A further interesting embodiment of the LED lamp is characterized in that the 
heat-dissipating means comprise a metal connection between the substrate and the lamp cap. It 
has been found that such a connection, which may preferably consist of a layer of copper, 
properly dissipates the heat from the substrate to the lamp cap. In principle, the gear column 
may entirely consist of a heat-conducting material, for example a metal such as copper or a 
copper alloy. In this case, it must be ensured that the electronics present in the gear column is 
properly electrically insulated from the metal gear column. Preferably, also the substrate is 
made of a metal, such as copper or a copper alloy. 
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Yet another embodiment of the LED lamp is characterized in that means are 
incorporated in the column, which are used to generate an air flow in the lamp. Such means, 
preferably in the form of a fan, can be used, during operation of the lamp, to generate forced 
air cooling. In combination with the heat-dissipating means, this measure enables an extra 
5 good heat dissipation from the gear column and the substrate to be obtained. 

A further embodiment of the invented LED lamp is characterized in that the 
faces of the polyhedron are provided with an array of LEDs, which preferably comprises at 
least one green, at least one red and at least one blue LED or at least one green, at least one 
red, at least one yellow and at least one blue LED or at least one white LED. By virtue of the 

10 shape of the substrate, such an array of LEDs can be readily provided, often as a separate LED 
array, on the faces of the substrate. This applies in particular when the faces of the polyhedral 
substrate are substantially flat. Such a LED array generally comprises a number of LEDs 
which are provided on a flat printed circuit board (PCB). In practice, said LEDs cannot be 
readily secured to a substrate which is not level. If LEDs with a high luminous flux (5 lm or 

15 more) are used, then a so-called metal-core PCB is customarily used. Such PCBs have a 

relatively high heat conduction. By providing these PCBs on the (preferably metal) substrate 
by means of a heat-conducting adhesive, a very good heat dissipation from the LED arrays to 
the gear column is obtained. 

By using one or more LED combinations in the colors green, red and blue or 

20 green, red, yellow and blue for each substrate face, a LED lamp can be obtained which emits 
white light. Such LED combinations composed of three different LEDs are preferably 
provided with a secondary optical system, in which the above-mentioned colors are blended so 
as to obtain white light. Another interesting embodiment of the LED lamp is 

characterized in that the lamp is provided with means for changing the luminous flux of the 

25 LEDs. If the gear column is provided with electronics suitable for this purpose, then this 
measure enables a dimmable LED lamp to be obtained. The dim function is preferably 
activated by means of an adjusting ring which is attached to the gear column at the location of 
the lamp cap. It is obvious that, if an envelope is used in the lamp, the adjusting ring must be 
situated outside the envelope. 

30 A further interesting embodiment of the invented LED lamp is characterized in 

that the lamp is provided with means for mutually varying the luminous flux of the LEDs 
provided on the various faces of the substrate. The electronics necessary for this function is 
incorporated in the gear column of the lamp. By using this measure, it is possible to change the 
spatial light distribution of the LED lamp. If LEDs of different colors are used, it is also 
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possible to adjust the color and the color distribution of the LED lamp. The distribution of the 
color and/or light distribution is preferably adjusted via an adjusting ring, which is connected 
to the gear column at the location of the lamp cap. It is obvious that, if an envelope is used in 
the lamp, the adjusting ring must be situated outside the envelope. 
5 These and other aspects of the invention will be apparent from and elucidated 

with reference to the embodiment(s) described hereinafter. 

In the drawings: 

10 Fig. 1 is a view of a first embodiment of the invented LED lamp, 

Fig. 2 is a view of a second embodiment of the invented LED lamp, 
Fig. 3 is a diagrammatic, sectional view of two types of LEDs for use in the 
invented LED lamp, 

Fig. 4 shows an example of a possible application of the invented LED lamp. 
15 It is noted that like parts in the different Figures are indicated by like reference 

numerals. 

Fig. 1 shows a first embodiment of the invented Light-emitting giode lamp 
(LED lamp). This lamp comprises a tubular, hollow gear column (1), which is connected with 
one end to a lamp cap (2). The other end of the gear column (1) is connected to a substrate (3), 

20 which is provided with a number of LEDs (4). The space within the hollow gear column (1) 
accommodates the electronics necessary for controlling the LEDs (4). During operation of the 
lamp, these LEDs generate a luminous flux of 5 1m or more. The lamp is further provided with 
an envelope (5) of a synthetic resin, which envelops the gear column (1) and the substrate (3). 
It is emphasized that despite the presence of the envelope (5), the effect of the current 

25 invention in the LED lamp is achieved. 

In the example described herein, the substrate (3) has the shape of a regular 
pyramid with four flat faces and is connected to the gear column (1) via a vertex of the 
pyramid. The outer surface of the substrate (3) is made of a metal or a metal alloy, thereby 
enabling a good heat conduction from the LEDs (4) to the column (1). In the present case, said 

30 outer surface of the substrate is made of a copper alloy. Each of the faces of the pyramid is 
provided with a number (five or six) LEDs (4), which are secured to the faces by means of a 
heat-conducting adhesive. In this example, single LEDs of the same type are used, which have 
only one light point per LED (commonly referred to as single-chip LED). Consequently, the 
LED lamp shown is monochromatic. 
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The outer surface of the gear column (1) of the LED lamp is made of a metal or 
a metal alloy. This enables a good heat conduction from the substrate (3) to the (metal) lamp 
cap (2) to be attained. In the present example, a copper alloy is used for the column. The use 
of the above-mentioned heat-dissipating means enables the LEDs with the relatively high 
luminous flux to be used without heat problems in a LED lamp of the above-described type. 

The LED lamp shown in Fig. 1 also comprises means (not shown) for 
generating an air flow in the lamp. These means consist of a fan which is incorporated in the 
gear column (1), which fan generates an air flow during operation of the lamp. This air flow 
leaves the gear column (1) via holes (6) provided in the gear column, and re-enters the gear 
column via the holes (7) provided in the gear column. By suitably shaping and positioning the 
holes (6), the air flow is led past a substantial number of the LEDs present on the substrate (3). 
By virtue thereof, an improved heat dissipation from the substrate and the LEDs is obtained. 

Fig. 2 shows a second embodiment of the invented LED lamp. Like the first 
embodiment, this embodiment comprises a gear column (1), a metal lamp cap (2), a metal 
substrate (3) with LEDs (4), an envelope (5) (not necessary), as well as outlet holes (6) and 
inlet holes (7) for an air flow generated by forced air cooling. 

In the example described with respect to Fig. 2, the substrate (3) is cube-shaped 
with six flat faces, and is connected to gear column (1) via a vertex of the cube. The substrate 
(3) is made of a metal or a metal alloy, thereby enabling a good heat conduction from the 
LEDs (4) to the gear column (1) to be achieved. In the present case, the substrate is made of a 
copper alloy. Each one of the faces of the pyramid is provided with a number (eight or nine) 
LEDs (4), which are secured to the faces by means of a heat-conducting adhesive. In this 
example, multiple-chip LEDs are used, which each have three light points (green, red and 
blue) per LED or four light points (green, red, yellow,blue) per LED. These colors are mixed 
so as to obtain white light in the secondary optical system of each of the LEDs. Consequently, 
during operation of the LED lamp shown, white light is obtained. 

The LED lamp in accordance with Fig. 2 is also provided with an adjusting ring 
(8) for simultaneously changing the luminous flux of the LEDs. By means of this adjusting 
ring, the lamp can be dimmed as it were. The lamp may also be provided with a second 
adjusting ring (not shown), by means of which the luminous flux of the LEDs provided on 
different faces of the substrate can be changed with respect to each other. This measure 
enables the spatial light distribution of the lamp to be adjusted. The lamp may also be provided 
with a further adjusting ring (not shown), by means of which the luminous flux of the three 
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light points of each LED can be changed with respect to each other. This measure enables the 
color of the light emitted by the lamp to be changed. 

Fig. 3 is a schematic, sectional view of three types of LEDs (4) which can 
suitably be used in the invented LED lamp. Fig. 3-A shows a LED which comprises single- 
5 chip LEDs, which each have only one light point (11) per LED. This light point (1 1) is placed 
on a so-called MC-PCB (12), which is responsible for a good heat transfer. Light point (1 1) is 
provided with a primary optical system(13), by means of which the radiation characteristic of 
the LED can be influenced. The LED (4) is also provided with two electrical connections (14). 
Via these connections, the LED is soldered onto the substrate (3). A heat-conducting adhesive 
10 between MC-PCB (12) and substrate (3) is responsible for a good heat dissipation from the 
LED to the substrate. 

Fig. 3-B shows so-called multiple-chip LEDs, which each have three light 
points (1 1) (green, red and blue) per LED. If necessary, these three colors are blended so as to 
obtain white light in the primary optical system (13) of each one of the LEDs. A better color 
15 blending to form white light is obtained if a secondary mixing optics is additionally provided 
above the multiple-chip LEDs. This situation is shown in Fig. 3-C. Also these multiple-chip 
LEDs comprise a so-called MC-PCB (12) and connections (14). 

If single-chip LEDs (4) in the colors green, red and blue are employed on the 
substrate (3), it is convenient to group these LEDs in trios, and provide a further secondary 
20 optical system (15) above the primary optical systems. In this manner, a good color blending 
of green, red and blue light is obtained. This situation is diagrammatically shown in Fig. 3-D. 

Fig. 4 diagrammatically shows an application of a LED lamp, which requires an 
asymmetric light distribution. The LED lamp (20) is used as outdoor lighting and is situated 
on a holder (21) which is secured to the wall (22) of a building. The necessary luminous flux 
25 in the direction of the wall is much smaller than that in the opposite direction. The asymmetric 
light distribution required for this purpose can be simply adjusted by means of a LED lamp as 
described with reference to Fig. 3. 

The LED lamp in accordance with the invention can be readily manufactured 
and exhibits, during operation of the lamp, a relatively high luminous flux. 
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1. A LED lamp comprising a gear column, a lamp cap which is connected to an 
end of the gear column and a substrate which is connected to the other end of the gear column 
and which is provided with a number of LEDs, characterized in that the substrate comprises a 
regular polyhedron of at least four faces, wherein faces of the polyhedron are provided with at 

5 least one LED which, during operation of the lamp, has a luminous flux of at least 5 1m, and 
wherein the gear column is provided with heat-dissipating means interconnecting the substrate 
and the lamp cap. 

2. A LED lamp as claimed in claim 1, characterized in that the lamp is also 
10 provided with a (semi-)transparent envelope. 

3. A LED lamp as claimed in claim 1, characterized in that the heat-dissipating 
means comprise a metal connection between the substrate and the lamp cap. 

15 4. A LED lamp as claimed in claim 1 , characterized in that means are incorporated 

in the gear column, which are used to generate an air flow in the lamp. 

5. A LED lamp as claimed in claim 1, characterized in that the faces of the 
polyhedron are provided with an array of LEDs, which preferably comprises at least one 

20 green, at least one red and at least one blue LED or at least one green, at least one red, at least 
one yellow and at least one blue LED or at least one white LED. 

6. A LED lamp as claimed in claim 1, characterized in that the lamp is provided 
with means for changing the luminous flux of the LEDs. 

25 

7. A LED lamp as claimed in claim 1, characterized in that the lamp is provided 
with means for mutually varying the luminous flux of the LEDs provided on the various faces 
of the substrate. 



WO 00/1 7569 



PCT/EP99/06731 




WO 00/17569 



PCT/EP99/06731 




WO 00/17569 PCT/EP99/06731 



4/4 





^-22 














FIG. 4 



INTERNATIONAL SEARCH REPORT 



Inter; jial Application No 

PCT/EP 99/06731 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 F21K7/00 F21V29/00 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED * 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 F21K F21V H01L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 
vol. 008, no. 200 (E-266), 
13 September 1984 (1984-09-13) 
-& JP 59 088879 A (TOSHIBA KK), 
22 May 1984 (1984-05-22) 
abstract 

US 5 561 346 A (BYRNE DAVID J) 
1 October 1996 (1996-10-01) 
column 3, line 38-46; figures 

GB 2 239 306 A (LIMPKIN GEORGE ALAN) 
26 June 1991 (1991-06-26) 
cited in the application 
the whole document 

-/- 



1,2,5 



1,5 



1,5 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E n earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority ciaim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

P M document published prior to the international filing date but 
tater than the priority date claimed 



T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"V document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 



6 January 2000 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 



14/01/2000 



Authorized officer 



Oe Laere, A 



Foim PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



Inter, naJ Application No 

PCT/EP 99/06731 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication. where appropriate, of the relevant 



Relevant to claim No. 



US 4 967 330 A (BELL HOWARD F ET AL) 
30 October 1990 (1990-10-30) 
abstract 



1,2,4 



Form PCT7ISA/210 {continuation of second sheet) (July 1992) 



.nformatlon on patent family members 



Inter >nai Application No 

PCT/EP 99/06731 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



JP 59088879 



22-05-1984 



NONE 



US 5561346 



01-10-1996 



NONE 



GB 2239306 
US 4967330 



A 
A 



26-06-1991 
30-10-1990 



NONE 



NONE 



Form PCT/ISA/210 (patent family annex) (July 1992) 



